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ABSTRACT 

S-band communication blackout measurements made 
during the reentry phases of the Apollo 6, 7, and 8 mis- 
sions are presented. The occurrence of blackout as a 
function of the altitude and speed of the reentering Apollo 
Command Module are compared with a theoretical curve. 
The agreement is good at the high speed end of the curve, 
but poor for the one point available at the low speed end. 
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APOLLO 6, 7, AND 8 
BLACKOUT TEST RESULTS 


I. INTRODUCTION 

This report contains the results of S-band (2287.5 MHz) blackout (Reference 
1) measurements taken during the reentry phases of the Apollo 6, 7, and 8 mis- 
sions. The measurements of the occurrence of blackout are compared with a 
theoretical prediction curve developed at the Cornell Aeronautical Laboratory 
(Reference 2). 

H. APOLLO-6 REENTRY 

Apollo-6 was launched on April 4, 1968, at 12:00:01 GMT (Reference 3). 

The mission was non-nominal. Because of S-II engine malfunctions, reentry 
took p’ace about 600 nautical miles downrange of the planned position and at a 
lower speed. The Command Module splashed down in the Pacific Ocean at 21 
hours, 57 minutes, GMT, not quite 10 hours after lift-off. 

A ground track of the reentry trajectory is shown in Figure 1. Reentry 
(400,000 ft. altitude) occurred at 21 hours, 28 minutes, 29 seconds, GMT. Black- 
out (loss of signal because of the reentry plasma sheath) was observed by both 
the NASA 427 instrumented aircraft and the Apollo reentry ship "Watertown" 

25 seconds after reentry. The NASA 427 Aircraft was flying at an altitude of 
about 6,000 feet at the position shown in Figure 1, Latitude 31° 05'N and 
Longitude 168° 55’E at the time of blackout. The "Watertown" was located at 
30° 36'N Latitude and 156° 30’E Longitude. 


A. NASA 427 Data 

The NASA 427 instrumented aircraft was based at Wake Island. The 
aircraft was equipped with a manually-steered S-band dish antenna and a cali- 
brated S-band receiver. A recording of the signal strength from the reentering 
Command Module at the time of S-band blackout, is shown in Figure 2. The de- 
terioration of signal strength is abrupt, and appears to begin less than one 
second before complete loss of signal. The change was about 10 dB when the 
Command Module had descended to 323,600 feet altitude. The speed of the 
Module was 31,600 feet per second at this time. 
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During the data stretch shown, the operator of the receiving dish aboard the 
NASA 427 was able to maintain the pointing angles to within about 3 degrees as 
shown in Figure 3. Since the 3 dB beamwidth of the antenna was ±4 degrees 
(Reference 4), receiving antenna pointing errors contributed less than 3 dB to the 
change of signal strength in Figure 2. 

The slant range from the aircraft to the Command Module did not vary 
significantly during the period of signal decay. The range was 111.8 nautical 
miles at 21:38:53 and 111.1 nautical miles at 21:38:54, so the change in signal 
strength caused by change in range was negligible. 

The elevation angle of the Command Module as seen from the NASA 427 
remained at approximately 27 degrees during the same time period. At this 
elevation, a wave transmitted from the Command Module and reflected from the 
surface of the ocean would arrive far outside of the main beam of the receiving 
antenna. Multipath from this source, therefore, was not significant. 

The S-band antenna system on the Command Module consists of four cavity- 
backed right-hand circularly-polarized helices (Figure 4). Of these four, only 
pair B (antennas 2 and 4 connected in parallel) was transmitting at the time of 
blackout. In Figure 5, the antenna pattern of this pair (Reproduced from 
Reference 5) together with the polar coordinates of the NASA 427 aircraft plotted 
at one-second intervals about the time of blackout are shown. The gain function 
of the transmitting antennas was constant to within 1 dB from 21:38:51 to 
21:38:55, and therefore did not contribute appreciably to the measured change 
in signal strength. 

The calculation of the elevation and polar angles was made (Reference 6) 
using a reentry trajectory provided by the Data Processing Branch, Computation 
and Analysis Division of the Manned Spacecraft Center. 


B. "Watertown" Data 


The NASA reentry ship "Watertown" locked on to the spacecraft S-band 
transponder some time before reentry, and maintained lock until loss of signal. 
A copy of the strip chart recording of the received signal is shown in Figure 6. 
The time of blackout agrees with that observed on the NASA 427. 


C. Results 


The reentry trajectory of the Apollo-6 Command Module is plotted on an 
altitude -speed diagram in Figure 7. The blackout point obtained by the NASA 427, 
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323,600 feet altitude at 31,600 feet per second, appears to be a valid one, as the 
decrease in signal strength observed was not caused by either transmitting 
antenna gain changes, receiving antenna pointing errors or multipath. However, 
in this type of field measurement there is always some small possibility that the 
observed decrease could have been caused by some other effect not taken into 
consideration. In any case, the point does represent the lowest altitude at which 
an S-band signal has been received from the Apollo Command Module traveling 
at a speed of 31,600 feet per second, and as such, is an upper bound of the black- 
out prediction curve. 


HI. APOLLO-7 REENTRY 

The Apollo-7 Command Module reentered and splashed down in the Atlantic 
Ocean on October 22, 1968. The reentry ground track is shown in Figure 8. S- 
band signals from the Command Module were monitored by the Unified S-Band 
Stations TEX, MIL, and GBM at Corpus Christi, Merritt Island and Grand Ba- 
hama Island, respectively. In addition, signals were received by the NASA 427 
instrumentet aircraft flying at about 6,000 feet altitude at 28°N and 81° 35'W 
near Lakeland, Florida, and by the ARIA 5 aircraft flying at about 35,000 feet 
altitude at 28° 10'N and 89°W over the Gulf of Mexico. 

A. MIL, GBM and NASA 427 Anomalous Loss oi Signal 

AGC recordings of the loss of signal by NASA 427, MIL, and GBM are shown 
in Figures 9, 10 and 11, respectively. As nearly as can be determined from 
these recordings, the dip in signal strength is simultaneous for the three sta- 
tions. MIL was locked on to the spacecraft transponder at that time, and the 
telemetry recording of the strength of the signal received from MIL by the 
spacecraft transponder shows a simultaneous decrease in signal strength also. 
These data would all be consistent with signal blackout caused by the formation 
of an overdense plasma sheath except for two considerations. First, the altitude 
of the Command Module was too high, in view of the existing speed, for the 
formation of a sheath of sufficient electrical density to effect S-band signals. 
Second, the ARIA 5 aircraft, which viewed the Command Module at a markedly 
different aspect, observed a dip in signal strength at that time, but did not lose 
the signal. 

The ARIA 5 AGC record for the time in question is shown in Figure 12. A 
momentary dip in signal strength of about 17 dB took place at about 10:57:39 
GMT, but the ARIA continued to track the signal past this point. It is interesting 
to note that the decrease occurred at slightly different times for the right-hand 
circular (RHC) and the left-hand circular (LHC) polarizations of the receiving 
antennas used. In spite of the coincidence in time, however, it is not certain 
that the dip seen by ARIA 5 and the loss of signal at MIL, GBM and NASA 427 
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arose from the same source, especially in view of the unsteady appearance of 
the ARIA 5 AGC record in the time following the anomaly. 

In Figure 13 is shown the data from TEX which likewise continued to track 
beyond 10:57:39, and apparently lost signal because of loss of pointing information 
as the Command Module disappeared over the horizon. 

The geometrical elevation angles of the Command Module as seen from the 
various stations are given in Table I. Also given in Table I are the values of 
transmitting antenna gain in decibels below a reference level of 4 dB. These 
values were obtained from the gain function plot of Figure 14. 

The traces in Figure 14 corresponding to MIL, GBM and the NASA 427 all 
pass near a large hole in the antenna pattern, centered at about <P = 135°, 9 = 90 ° 
on the side of the spacecraft opposite to the radiating antenna. It is conceivable 
that either the calculated location of the traces or the ground-measured pattern 
did not correspond exactly to the actual in-flight situation, and that the loss of 
signal was caused by the null in the antenna pattern. 


B. ARIA 5 Data 

The ARIA 5 aircraft continued to receive a S-band signal long after 
MIL, GBM and NASA 427 had lost theirs. The signal (Figure 15) became noisy 
at 10:58:40 GMT and was lost at 10:59:30. The noisy signal is typical of multi - 
path effects occurring at low elevation angles (Table II), and the loss of signal 
can be attributed to the passing of the Command Module over the radio horizon. 
Thus, the ARIA 5 data exhibits no positive evidence of plasma-sheath induced 
communication blackout at all. 


C. Results 


Figure 16 is the altitude-speed diagram of Apollo-7 reentry. The loss 
of signal by NASA 427, MIL, and GBM occurred when the Command Module was 
at an altitude of 319,000 feet and traveling at a speed of 24,600 feet per second. 
ARIA 5 did not lose signal until the Module had descended to 228,000 feet when 
its speed was 24,000 feet per second. Blackout attributable to plasma sheath 
effects was not observed. 

IV. APOLLO-8 REENTRY 

The Apollo-8 mission, the first manned lunar orbital flight, lasted 6 days. 
The Command Module splashed down in the Pacific Ocean on December 27, 1968, 
at 15 hours, 50 minutes, GMT. The reentry ground track is snown in Figure 17. 
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Table I 

Antenna Gain and Elevation of the Command Module, Apollo 7 Reentry 


Time 

NASA 4 27 

MIL 

GBM 

ARIA 5 

TEX 

22 Oct. 1968 GMT 

dB 

Degree 

dB 

Degree 

dB 

Degree 

dB 

Degree 

dB 

Degree 

10:57:00 

20 

4.55 

24 

3.79 

15 

0.49 

14 

24.44 

9 

3.21 

10:57:02 

18 

4.72 

17 

3.95 

14 

0.59 

13 

24.19 

9 

3.0 

10:57:04 

17 

4.89 

20 

4.11 

14 

0.70 

12 

23.84 

9 

2.79 

10:57:00 

16 

5.07 

20 

4.28 

14 

0.81 

12 

23.38 

9 

2.59 

10:57:08 

16 

5.26 

20 

4.45 

15 

0.91 

11 

22.83 

7 

2.39 

10:57 TO 

15 

5.45 

21 

4.62 

15 

1.02 

10 

22.20 

7 

2.19 

10:57:12 

16 

5.64 

21 

4.80 

14 

1.13 

10 

21.52 

8 

2.00 

10:57:14 

14 

5.84 

29 

4.98 

14 

1.24 

10 

20.79 

S 

1.80 

10:57:16 

12 

6.04 

29 

5.17 

14 

1.35 

1 0 

20.04 

8 

1.62 

10:57:18 

13 

6.25 

25 

5.36 

14 

1.47 

10 

19.26 

8 

1.44 

10:57:20 

13 

6.47 

25 

5.56 

14 

1.58 

10 

18.48 

8 

1.26 

10:57:22 

13 

6.69 

24 

5.76 

14 

1.70 

11 

17.71 

8 

1.09 

10:57:24 

14 

6.92 

25 

5.97 

18 

1.81 

12 

16.95 

8 

0.91 

10:57:26 

14 

7.15 

24 

6.19 

19 

1.93 

11 

16.20 

7 

0.74 

10:57:28 

14 

7.39 

24 

6.41 

19 

2.05 

m 

15.48 

7 

0.58 

10:57:30 

14 

7.64 

24 

6.64 

19 

2.17 

12 

14.77 

7 

0.41 

10:57:32 

13 

7.90 

23 

6.87 

19 

2.30 

12 

14.09 

8 

0.25 

10:57:34 

13 

8.17 

20 

7.12 

18 

2.42 

12 

13.44 

9 

0.09 

10:57:36 

13 

8.45 

22 

7.37 

14 

2.54 

13 

12.81 

9 

-0,07 

10:57:38 

13 

8.73 

20 

7.63 

13 

2.67 

13 

12.21 

9 

-0.22 

*10:57:40 

18 

9.03 

20 

7.91 

12 

2.80 

12 

11.63 

9 

-0.38 

10:57:42 

19 

9.3*_ 

15 

8.19 

12 

2.93 

12 

11.08 

9 

-0.53 

10:57:44 

20 

9,66 

15 

8.48 

13 

3.06 

12 

10.55 

9 

-0.68 

10:57:46 

18 

9.99 

14 

8.79 

14 

3.20 

11 

10.05 

9 

-0.82 

10:57:48 

19 

10.33 

14 

9.11 

15 

3.33 

11 

9.56 

9 

-0.97 

10:57:50 

18 

10,69 

14 

9.43 

16 

3.47 

11 

9.10 

9 

-1.11 

10:57:52 

15 

11.06 

20 

9.79 

16 

3.61 

11 

8.66 

8 

-1.25 

10:57:54 

13 

11.45 

20 

10.15 

19 

3.76 

12 

8.23 

8 

-1.39 

10:57:56 

13 

11.85 

19 

10.53 

19 

3.90 

11 

7.82 

8 

-1.53 

10:57:58 

11 

12.27 

18 

10.93 

18 

4.05 

11 

7.43 

8 

-1.66 

10:58:00 

11 

12.70 

16 

11.36 

17 

4.20 

12 

7.06 

8 

-1.80 

10:58:02 

12 

13.15 

12 

11.80 

20 

4.35 

12 

6.70 

8 

-1.93 

10:58:04 

12 

13.61 

12 

12.27 

19 

4,50 

12 

6.35 

9 

-2.07 

10:58:06 

11 

14.09 

12 

12.76 

18 

4.66 

12 

6.01 

9 

-2.19 

10:58:08 

12 

14.58 

12 

13.28 

18 

4.82 

12 

5.69 

9 

-2.32 

10:58:10 

13 

15.09 

12 

13.84 

20 

4.98 

11 

5.38 

9 

-2.45 

10:58:12 

13 

15.60 

12 

14,42 

21 

5.51 

11 

5.08 

9 

-2.58 

10:58:14 

11 

16.12 

13 

15.04 

1C 

5.32 

12 

4.78 

8 

-2.70 

10:58:16 

D 

16.15 

10 

15.70 

14 

5.49 

10 

4.50 

8 

-2.83 

10:58:18 

D 

17.17 

12 

16.40 

14 

5.66 

10 

4.23 

8 

-2.95 


*NA$A 427, MIL, and GBM lost signal ot this time. 
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Table II 

Antenna Gain and Elevation of the Command Module in ARIA 5, APOLLO 7 Reentry 


Time 

Gain (dB) 

Elevation Angle (Degree) 

10:58:20 

10 

3.97 

10:58:22 

9 

3.71 

10:58:24. 

12 

3.47 

10:58:26 

12 

3.22 

10:58:28 

9 

2.99 

10:58:30 

10 

2.76 

10:58:32 

10 

2.54 

10:58:34 

10 

2.33 

10:58:36 

10 

2.12 

10:58:38 

10 

1.92 

10:58:40 

11 

1.72 

10:58:42 

9 

1.52 

10:58:44 

9 

1.33 

10:58:46 

9 

1.15 

10:58:48 

9 

0.96 

10:58:50 

9 

0.79 

10:58:52 

9 

0.61 

10:58:54 

9 

0.44 

10:58:56 

9 

0.28 

10:58:58 

11 

0.114 

10:59:00 

10 

-0.045 

10:59:02 

10 

-0.202 

10:59:04 

10 

-0.356 

10:59:06 

10 

-0.506 

10:59:08 

11 

-0.65 

10:59:10 

11 

-0.80 

10:59:12 

10 

-0.94 

10:59:14 

13 

-1.08 

10:59:16 

13 

-1.22 

10:59:18 

12 

-1.36 

10:59:20 

13 

-1.49 

10:59:22 

12 

-1.62 

10:59:24 

13 

-1.75 

10:59:26 

13 

- 1.88 

10:59:28 

13 

-2.00 

10:59:30 

13 

-2.12 



A. ARIA 1 Data 


The ARIA 1 aircraft flying at 17° 2'N latitude and 176° 41’E longitude 
observed S-band blackout. The AGC record is shown in Figure 18. Loss of 
signal took place at about 15:37 :37 GMT. This loss of signal was preceded by 
the slight ripple in the signal strength observed on another high-speed reentry 
(Reference 7). 

The elevation angle of the Command Module with respect to ARIA 1 was 
about 11 degrees at the time of blackout. The gain of the transmitting antenna 
in the direction of ARIA 1. as shown in Figure 19, was not particularly favorable, 
but does not, nevertheless, appear to be the major cause of the change in signal 
strength. 


B. Results 


The altitude-speed plot of the Apollo-8 reentry is shown in Figure 20. 
ARIA 1 lost signal, apparently because of the reentry plasma sheath, when the 
Command Module was at an altitude of 329,000 feet and moving at a speed of 
35,100 feet per second. 


V. CONCLUSIONS 

The blackout prediction curve from Reference 2, the points obtained on the 
Apollo missions 6. 7, and 8, and the point obtained on Apollo 4 mission (Refer- 
ence 7) are plotted in Figure 21. S-band blackout should commence when the 
trajectory of the Apollo Command Module intersects the prediction curve, and 
trajectory points below the curve should be in blackout. 

At the upper end of the curve, agreement with the points from Apollo 4, 6, 
and 8 is good. At the lower end, however, the curve should pass below the point 
obtained by ARIA 5 during Apollo 7 reentry. The discrepancy could conceivably 
have been caused by aspect angle differences. The ARIA 5 data was taken with 
the pointed end of the command module in view, while the blackout curve applies 
primarily to a broadside view of the module. In the absence of additional low- 
speed measurements, definite conclusions about agreement between blackout 
prediction and measured results cannot be made. 
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Figure 1. Reentry Ground Track of Apollo 6 
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Figure 12. ARIA 5 AGC, Apollo 7 Reeentry 
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Figure 13. TEX Loss of Signal, Apollo 7 Reentry 
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Figure 14. Antenna Gain and Polar Angles to each Station, Apollo 7 
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Figure 16. Apollo 7 Reentry 
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Figure 17. Apollo 8 Reentry Ground Track 
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Figure 19. Apollo 8 Reentry Antenna Pattern 
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Figure 20. Apollo 8 Reentry 
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Figure 21. Apollo Reentry S-Band Communication Blackout Curve 
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